Malignant gliomas are treated with multimodal therapy, including surgery, radiation therapy, and chemotherapy. Treatment with surgery and radiation therapy is seldom curative and only serves to prolong life. These tumors tend to be more resistant to chemotherapy but sometimes respond to chemotherapies (i.e., carmustine, carboplatin, procarbazine, temozolomide, lomustine, and other nitrosoureas). 1 Patients with malignant glioma usually receive supportive care that includes the use of anticonvulsants to prevent epileptic seizures and corticosteroids such as dexamethasone to help control cerebral edema. 2, 3 Patients with glioblastoma multiforme (GBM) have a median survival of approximately 10 months, whereas patients with anaplastic astrocytoma have a median survival of approximately 2 to 3 years. 1 Favorable prognostic variables include young age (Ͻ40 years), pathology of anaplastic astrocytoma, no more than two prior chemotherapies or surgeries, and Karnofsky Performance Status more than 80%. 4 Despite progress being made using novel combination therapies of surgery, radiation, and/or chemotherapy, the treatment of recurrent or progressive malignant gliomas remains problematic because of treatment limitations and a typical median time to tumor progression of 8 weeks.
Irinotecan (CPT-11, Camptosar; Pharmacia & Upjohn, Kalamazoo, MI, U.S.A.) is a semisynthetic derivative of camptothecin, an alkaloid obtained from plants such as the Camptotheca acuminata tree. It possesses greater aqueous solubility, and greater in vivo and in vitro activity, and is associated with less severe and more predictable toxicity than camptothecin. [5] [6] [7] CPT-11 is converted by carboxylesterases to its more active lipophilic metabolite, SN-38. 8 Both camptothecin and SN-38 are potent inhibitors of topoisomerase I, a nuclear enzyme that plays a critical role in DNA replication and transcription. In vitro, SN-38 is 250 to 1,000 times more potent than CPT-11 as an inhibitor of topoisomerase I activity. 9 The area under the plasma concentration versus time curve (AUC) for SN-38 is 2% to 8% of CPT-11. 10 The mean terminal half-life of SN-38 in plasma is longer than that of CPT-11: 11.5 Ϯ 3.8 hours versus 6.3 Ϯ 2.2 hours for the lactone forms.
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The bioactivation of CPT-11 to SN-38 is believed to take place in the liver. SN-38 is further conjugated to a glucuronide (SN-38G). A new metabolite, amino pentane carboxylic acid, has been isolated from human plasma, but neither the SN-38G or amino pentane car-boxylic acid are believed to contribute substantially to the activity or toxicity of In laboratory studies, CPT-11 has shown activity against tumor xenografts derived from ependymomas, high-grade gliomas, and medulloblastomas. 13 CPT-11 has been shown to have activity in the treatment of recurrent malignant glioma using a dose of 125 mg/m 2 weekly for 4 weeks followed by a 2-week rest. 14, 15 It was thought that an every-3-week dosing schedule might be tolerated better by patients and possibly may prove more beneficial.
The primary objective of our study was to determine the efficacy and safety of CPT-11 at a starting dose of 300 mg/m 2 given every 3 weeks to adult patients with recurrent malignant glioma.
PATIENTS AND METHODS

Patient Selection
Patients 18 years of age or more were enrolled if they met the following criteria: (1) histologically confirmed primary malignant glioma that is progressive or recurrent as evidenced by contrast-enhanced magnetic resonance imaging (MRI); (2) previous radiotherapy or chemotherapy 4 weeks or more and prior surgical resection 10 days or more before study treatment; (3) Karnofsky performance status of 60% to 100%; (4) adequate organ function as documented by an absolute neutrophil count of more than 1,500/mm 3 , platelet count 100,000/mm 3 or more, hemoglobin 9.0 g/dl or more, total bilirubin within normal limits, alanine transaminase and aspartate transaminase less than or equal to three times the upper limit of normal, and serum creatinine 2.0 mg/dl or less.
Patients were not eligible for the study if they had any of the following: (1) previous CPT-11 or topotecan treatment; (2) any active or uncontrolled infection; (3) psychiatric disorders that would interfere with consent or follow-up; (4) history of myocardial infarction within the previous 6 months or congestive heart failure requiring therapy; (5) history of prior malignancy except for adequately treated basal cell or squamous cell carcinoma or cervical carcinoma in situ, or other cancer for which the patient has been disease-free for at least 5 years; (6) pregnancy or lactation; and (7) any severe or concurrent disease that would make the patient inappropriate for study entry.
All patients were required to provide written informed consent as approved by local institutional review boards before initiation of any study procedures.
Treatment Plan
CPT-11 was supplied by Pharmacia & Upjohn, in 2-ml vials containing 40 mg of drug or 5-ml vials containing 100 mg of drug. CPT-11 was diluted with D5W to a total volume of 500 ml.
CPT-11 was administered as a 90-minute intravenous infusion once every 3 weeks at a starting dose of 300 mg/m 2 . After 2 treatments, doses were increased to 350 mg/m 2 in those patients without grade III/IV toxicities. Dose modifications were made for toxicity. If dose-limiting toxicities occurred, the dose was decreased by 50 mg/m 2 until the toxicities decreased to grade II or less. The following were considered to be dose-limiting toxicities: neutropenic fever, grade IV thrombocytopenia, grade IV diarrhea (despite intensive loperamide treatment), other grade III/IV nonhematologic toxicities (except nausea/vomiting), and lack of recovery to baseline from previous toxicities.
Cholinergic symptoms occurring during or shortly after receiving CPT-11 could be treated with intravenous atropine (0.25-1 mg intravenously or as needed). Dexamethasone 10 mg intravenously was administered as part of the pretreatment antiemetic regimen unless a relative or absolute contraindication to corticosteroid use was identified. Additional antiemetic agents such as lorazepam, ondansetron, granisetron, and prochlorperazine were allowed. Loperamide was provided as therapy for delayed diarrhea. Patients were instructed to take 4 mg at the first onset of diarrhea, then 2 mg every 2 hours around the clock until diarrhea-free for at least 12 hours. During the night, patients were allowed to take 4 mg every 4 hours. Routine prophylactic granulocyte colony-stimulating factor use was not recommended; however, it was allowed at the investigator's discretion.
Patients could be removed from the study for the following reasons: (1) documented disease progression after one or more courses; (2) unacceptable toxicity that did not respond to dose modifications; (3) withdrawal of patient consent; (4) intercurrent, non-cancer-related illness that prevented continuation of therapy or regular follow-up; (5) changes in the patient's condition, which in the investigator's opinion rendered the patient unacceptable for further treatment; and (6) failure to recover from CPT-11 toxicities to grade I or less or baseline by 5 weeks from the last prior CPT-11 therapy.
Study Evaluations
Four weeks before treatment, a medical history was taken and a chest radiograph was done. Pretreatment baseline tumor measurements were made by MRI within 4 weeks of treatment. Surgery was performed on patients in whom it was indicated for best clinical care and postsurgical baseline measurements of tumor size were made by MRI within 72 hours after surgery (performed with and without contrast). When surgery was performed just before initiation of therapy, all patients eligible for surgery had evidence of progression by MRI and were enrolled and signed consent before surgery. Two patients did not demonstrate evaluable tumor on the postoperative MRI scan.
Seven days before treatment, patients underwent a physical examination (including Kafnofsky Performance Status, weight, and vital signs), neurologic examination, and a laboratory evaluation (complete blood count with differential, platelet count, serum electrolytes and chemistries, and pregnancy testing for women of childbearing potential).
At the beginning of each treatment course (week 1), patients underwent a physical examination (including Kafnofsky Performance Status, weight, vital signs, and adverse event evaluation), neurologic examination, and a laboratory evaluation (complete blood count with differential, platelet, and serum electrolytes and chemistries).
During weeks 2 and 3 of each treatment cycle, patients had a complete blood count with differential. At 6 and 12 weeks after the first dose, and at least every 9 weeks thereafter until progression, an MRI of the brain was done with and without contrast. At the end of the study, a physical examination was done and the extent of the tumor was reevaluated with and without contrast. Adverse events were recorded for at least 30 days after the last treatment.
Tumor response was assessed according to modified World Health Organization criteria (i.e., complete response, partial response, stable disease (SD) 6 months or more, stable disease 6 months or less, and progressive disease [PD]). Complete response was defined as the disappearance of all enhancing tumor on consecutive MRI scans at least 1 month apart, not taking steroids, and neurologically stable or improved. Partial response was defined as at least a 50% reduction in the size (product of largest perpendicular diameters) of enhancing tumor maintained for at least 1 month, with steroids stable or reduced, and neurologically stable or improved. SD was divided in two categories-one in which any change in tumor size that did not qualify for complete response, partial response, or PD lasted for 6 months or more and one that lasted for 6 months or less. PD was defined as at least a 25% increase in size (product of largest perpendicular diameters) of enhancing tumor or any new tumor on MRI scan, or neurologically worse, and steroids stable or increased. Patients who had a complete or partial response had a repeat tumor assessment in 4 to 6 weeks to confirm the initial response. After response confirmation, disease was reassessed at least every 9 weeks (or sooner if clinically indicated). In addition, time to tumor response, duration of response, time to tumor progression, and survival were measured.
Those patients in whom surgery was performed just before treatment and who had no contrast-enhancing residual disease were only allowed two response categories: PD (as described above but also including SD Ͻ6 months) and SD more than 6 months. This categorization was used to more effectively define positive responders in those patients without evaluable disease by MRI postoperatively.
All toxicities were graded according to the National Cancer Institute Common Toxicity Criteria.
Statistical Analysis
All eligible patients who received at least one course of chemotherapy were evaluable for efficacy. Patients who were removed from the study during the first course because of PD or serious drug-related events also were considered evaluable for efficacy. Patients removed from the study during the first course of treatment for other reasons (e.g., patient request or non-drug-related toxicity) were considered to be unevaluable for efficacy.
Time to tumor progression (time from start of therapy to first documentation of progressive disease) and survival (time from start of therapy to death) were analyzed by means of KaplanMeier analysis.
All patients who received any chemotherapy on this study were evaluable for safety. Adverse events were tabulated by frequency of occurrence.
RESULTS
Patient Characteristics
Fourteen patients were enrolled between August of 1997 and June of 1998. Patient characteristics are presented in Table 1 . The median patient age was 39.5 years (range, 18 -64 years). There were 11 men (79%) and 3 women (21%). Most patients (6/14, 42%) had a Karfnofsky Performance Status of 90% to 100%. The majority of patients (12/14, 86%) had undergone prior surgery. Twelve patients (86%) had a histologic tumor classification of GBM and 2 patients (14%) had anaplastic astrocytoma. Half of the patients had tumors that were located in the frontal lobe. Two patients taking anticonvulsive medications (phenytoin and carbamazepine) had prior nitrosourea-based chemotherapy, and 1 patient taking valproic acid had no prior chemotherapy. All patients were taking enzyme-inducing antiepileptic drug (EIAED) except one who had taken valproic acid and gabapentin in combination.
Twelve patients had surgery within 3 weeks of initiating therapy to confirm tumor recurrence. These patients all showed histopathologic evidence of active tumor; all except two had evidence of contrast-enhancing tumor on the 72-hour postoperative scan. The 72-hour postoperative scan was used as the baseline for measuring tumor.
Treatment Administration
Fourteen patients received a total of 50 courses of treatment. The median number of courses administered was two (range, one to nine). Doses ranged from 250 mg/m 2 to 350 mg/m 2 . Eight doses were delayed in four patients. Four of the doses were delayed because of grade II neutropenia and leukopenia, three were delayed because of grade II neutropenia, and one was delayed because of grade II thrombocytopenia.
Efficacy
Tumor response is presented in Table 2 . All patients were evaluable for response. The objective response rate was 14% with 2 partial response, both in patients with GBM. One patient (7%) had SD for more than 6 months and 10 patients (79%) had PD. Time to tumor progression data were available for all patients. The median time to tumor progression was 6 weeks (range, 1-31 weeks). The median survival was 24 weeks (range, 1-81 weeks). The 1-year survival was 14%.
Safety
Safety results are summarized in Tables 3 and 4 . There were no drug-related deaths. Grade III/IV adverse events N, sample size.
were infrequent and were limited to nausea (n ϭ 1), vomiting (n ϭ 1), and neutropenia (n ϭ 2). Prolonged neutropenia developed in three patients that resulted in limiting dose escalation to 350 mg/m 2 or requiring dose reduction to 250 mg/m 2 .
DISCUSSION
CPT-11 is approved for the treatment of colon cancer but is currently being investigated against a variety of other tumors. 16 Its impressive activity against human GBM, medulloblastoma, and ependymoma xenografts in athymic nude mice suggests that it could be an important new addition to the therapy for central nervous system tumors. 13, 17 An initial study 15 of CPT-11 was conducted in patients with glioma who received a dose of 125 mg/m 2 for 4 weeks followed by a 2-week rest. The intent-to-treat response rate was 15% (95% CI, 6 -24), and activity was observed in patients with GBM and anaplastic astrocytoma. Median overall survival was 43 weeks and 1-year survival was 33%. Toxicities were generally mild, with the frequency of grade III/IV toxicities lower than that observed in patients with colorectal cancer. 10 A pharmacokinetic analysis was performed on 32 patients in the study and was compared with the previously determined pharmacokinetics observed in patients with colorectal cancer. 10, 18 Twenty-nine (91%) of the 32 patients with glioma were receiving anticonvulsant medications and all were receiving dexamethasone. No patients with colorectal cancer on whom pharmacokinetic studies were carried out were receiving these concomitant treatments. The results of the pharmacokinetic analysis showed that CPT-11 clearance was twice as high as that reported in patients with colorectal cancer: 30.4 Ϯ 8.3 l/hr/m 2 compared with approximately 13 l/hr/m 2 . The AUC for CPT-11 in patients with glioma was approximately 40% of that determined in patients with colorectal cancer. The AUC values for the CPT-11 metabolites SN-38 and SN-38G were approximately 25% of those seen in patients with colorectal cancer.
Another study 19 also determined that anticonvulsants increased the clearance of CPT-11 in patients with glioma. This study examined the pharmacokinetics of CPT-11 in 26 patients with recurrent glioma, of whom 20 were treated concurrently with corticosteroids and 23 were treated with anticonvulsants. Mean CPT-11 and metabolite AUC values for patients with glioma treated with anticonvulsants were 45% to 70% lower than those observed in patients with colorectal cancer. 10 The results in both studies suggested that the pharmacokinetics of CPT-11 were altered by enzyme induction associated with the administration of anticonvulsant and corticosteroid drugs. Recent studies have shown this to be the case. In preclinical models, concurrent therapy with anticonvulsants and corticosteroids affected the pharmacokinetics of CPT-11 by inducing glucuronyl transferase enzymes, which resulted in a 72% enhancement in the AUC of SN-38G, a 31% reduction in the AUC of SN-38, and a 59% reduction in the AUC of CPT-11. 20 Dexamethasone, as well as anticonvulsants such as phenytoin, carbamazepine, and phenobarbital, can induce hepatic cytochrome P450 enzymes. Such induction could cause enhanced CPT-11 clearance and reduced concentrations of SN-38 and SN-38G. Such therapy could also enhance the biliary excretion of CPT-11 and its metabolites, potentially resulting in lower plasma concentrations. 21 Our study evaluated a dose of 300 mg/m 2 of CPT-11 administered once every 3 weeks, which would hopefully be more "patient friendly" than 125 mg/m 2 every week times 4 weeks followed by a 2-week rest. It was anticipated that the higher dose might prove more beneficial to patients with glioma by resulting in higher peak plasma levels; however, the efficacy results in our study are consistent with those seen previously. The response rate was 14% (95% CI, 2-43) and median survival was 24 weeks. Toxicities were similarly low. Grade III/IV neutropenia occurred in only 2 patients (14%). Nausea and vomiting occurred in only one patient (7%), and there were no cases of late grade III/IV diarrhea. No pharmacokinetic analysis was done in our study. However, the toxicity results suggest that, once again, concurrent use of anticonvulsants and dexamethasone resulted in lower than desired plasma levels of CPT-11 and SN-38 and in less toxicity.
These results suggest that a CPT-11 dosing regimen of 300 mg/m 2 to 350 mg/m 2 every 3 weeks is feasible and has activity against recurrent malignant, but that the maximum tolerated dose has not yet been reached. It is interesting that, in our sample, some patients on EIAED required dose deescalation predominately because of hematopoietic toxicities. This effect may be either because of prior chemotherapy exposure, or there may be unique interpatient pharmacogenetic differences with regard to CPT-11 metabolism. If higher doses could be tolerated, improved responses in this patient population could result. Further studies are planned in this same patient population at higher dose levels to evaluate safety and efficacy and to determine a maximum tolerated dose.
